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Temporal relationships of hepatitis C virus RNA and antibody responses 
following experimental infection of chimpanzees . 
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Liver enzyme levels, viral RNA, and the immune response against both 
structural and nonstructural hepatitis C virus (HCV) proteins have been 
studied in experimentally infected chimpanzees in order to further 
understand the natural history of HCV infection. An ELISA for measuring 
both IgG and IgM responses to core (c22) , 33c (NS3) , and clOO (NS4) was 
employed. The IgG response rates were 5/8 for core, and 8/8 for both 33c 
and clOO. Utilizing this antigen combination, at least one antibody 
response is measureable at, or within 3 weeks of, the major ALT peak. 
Although no individual antibody response is universally associated with 
initial detection of seroconversion, the combination of all three 
recombinant proteins measures seroconversion an average of 54 days earlier 
than with clOO alone, in 6/8 of the animals. IgM responses were measureable 
in 5/8 of the chimpanzees, were of shorter duration, and usually arose 
concomitantly with IgG responses. IgM appears to be a good indicator of 
primary infection since neither boosting nor recrudescence of disease 
during the chronic phase of disease elicited a secondary IgM response. 
Viral RNA can be measured 4-7 days (average = 9 days) postinfection with 
the period preceding the ALT peak being characterized by several PCR 
positive segments interrupted by periods in which no viral RNA can be 
measured. Following the ALT peak, chronically infected animals with 
recurring ALT elevations are generally PCR positive with intercedent PCR 
negative periods. Those animals that appear to have biochemically resolved 
disease generally have PCR negative profiles, although they still may 
periodically exhibit PCR positive sera. This indicates that with the recent 
advent of new screening techniques, a more stringent definition of HCV 
resolution will be required. 
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Serological markers for hepatitis C virus (HCV) infection were measured 
in serial samples from 14 posttransfusion chronic non-A, non-B hepatitis 
patients by a semiquantitative dot blot immunoassay. The assay detected 
antibodies to HCV by use of recombinant proteins that represent putative 
HCV capsid (core) , nonstructural protein 3 (NS3) (33c) , and NS4 (clOO) 
epitopes. Seroconversion to ant i -HCV antibodies (ant i -HCV) was detected in 
all patients. The average time to active antibody production detected by 
any of the recombinant proteins was 13.8 (range, 3.6 to 22.0) weeks 
posttransfusion or 4.6 (range, -4.5 to 13.4) weeks after the first 
biochemical marker of illness. Anti-HCV were detected earliest by the core 
antigen in most cases; however, the patterns of ant i -HCV responses varied 
significantly among individuals. Overall, the addition of the core and NS3 
antigens to the assay enabled the detection of the antibody response 4 to 5 
weeks earlier than did the addition of the clOO antigen, the sole antigen 
used in current screening tests in the United States. Passively transferred 
antibodies were detected by at least one antigen in early posttransfusion 
samples from 12 patients and decayed below detectable levels for all 
antigens in only 2 patients. Antibodies to all three gene products were 
evident in the last sample from all five patients monitored for greater 
than 3 years from transfusion indicating the persistence of antibodies in 
patients with chronic illness. Our data show that the period following the 
onset of hepatitis during which ant i -HCV are not detected by current 
screening assays can be greatly shortened by the detection of ant i -HCV 
responses by a combination of core, NS3 , and clOO antigens. 
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Antibodies to recombinant and synthetic peptides derived from the 
hepatitis C virus genome in long-term-studied patients with posttransfusion 
hepatitis C. 
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Eight of 13 Swedish patients (62%) , studied prospectively, who developed 
posttransfusion non-A, non-B hepatitis (PT-NANBH) had earlier been found to 
seroconvert for antibodies to hepatitis C virus (anti-HCV) cl00-3 in the 
first-generation anti-HCV enzyme- linked immunosorbent assay 1-18 (mean, 8) 
weeks after onset of hepatitis. By using a second-generation test utilizing 
antigens encoded by the core NS3 and NS4 region of HCV, a further four 
patients non-reactive to clOO-3 (NS4) were found to seroconvert. Thus 12 of 
13 (92%) Swedish patients with PT-NANBH were shown to have HCV infection. 
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In addition, the serologic reactivity for several individual synthetic 
peptides and/or recombinant HCV proteins was studied in seven anti-HCV 
clOO-3 seroconverts studied long-term after onset of acute PT-HCV 
infection. No special patterns were found that could differentiate patients 
who recovered from those who developed chronic HCV infection. It was 
concluded that the addition of new recombinant antigens derived from the 
core and NS3 region to clOO-3 (NS4) both improved the sensitivity of the 
anti-HCV test and shortened the window phase to seroconversion. 
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HCV infections are diagnosed by determining the circulating antibodies to 
the C 100 recombinant viral antigen using the ELISA method. Cut-off 
analysis from normal subjects and well documented NANBH patients suggests 
that screening of a low risk group such as blood donors might yield a 
relatively high ratio of false positives. An immunoblot assay (Chiron RIBA) 
using 3 recombinant antigens, C 100, 5-1-1 and SOD has been developed for 
evaluating the ELISA react ives as an additional, more specific assay. In 
the RIBA testing 51.5% were reactive and 28.5% were indeterminate in ELISA 
positive donor specimens, and 79.5% were reactive and 8.0% were 
indeterminate in ELISA positive non-A, non-B hepatitis patients specimens. 
These findings coincide with the ratio of theoretically calculated true 
positive. In a study done by Ortho U.S.A. viral RNA were detected in 70% of 
RIBA reactive, 33% of indeterminate and 3.6% non-reactive specimens by 
polymerase chain reaction (PCR) . Furthermore, an advanced system using 
another immunogenic region of viral polyprotein including c3 3c encoded in 
NS3 has been on trial to evaluate the possibility of confirming HCV 
infection and detecting seroconversion at an earlier stage. 
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